Introduction
Rheumatoid arthritis (RA) is a rapidly progressive disease for many patients. Persistent high disease activity leads to disability, comorbidities, and premature mortality. Consequently, development of treatment strategies to bring the disease under control rapidly is of utmost importance. Close monitoring of disease activity and rapid interventions with synthetic disease-modifying antirheumatic drugs (DMARDs) 1 or combination therapy 2-4 showed improved long-term clinical outcomes (at 1-2 years) in patients with RA.
A key inflammatory pathway in RA includes overproduction and overexpression of tumor necrosis factor (TNF)-α, which are related to synovial inflammation and joint destruction. Anti-TNF-α agents were the first licensed biological drugs for RA treatment. 5 In this respect, TNF-α inhibitors that rapidly improve clinical signs and symptoms [6] [7] [8] [9] and health-related quality of life, 8, [10] [11] [12] and inhibit structural damage, [8] [9] [10] 13 have been an important addition to treatment options for patients with RA.
Certolizumab pegol is a PEGylated, humanized, antigenbinding fragment (Fab') of an anti-TNF-α monoclonal antibody. 14, 15 Its lack of a crystallized fragment (Fc) region minimizes potential Fc-mediated effects, while the addition of a polyethylene glycol (PEG) moiety improves the pharmacokinetics and bioavailability of certolizumab. 14 Moreover, the pharmacodynamic properties of certolizumab are different from those of other anti-TNF-α agents. 15 Ultrasonography has become an important tool for the diagnosis and monitoring of RA. The morphology and extent of synovitis in RA joints can be assessed using gray scale (GS) ultrasound, with color Doppler or power Doppler (PD) ultrasound used to assess synovial vascularity. [16] [17] [18] Standardization and validation of the modality in rheumatology has been addressed by the Outcome Measures in Rheumatology (OMERACT) ultrasound working group. 19 Spectral Doppler ultrasonography can be used to determine the type of blood flow associated with inflammatory lesions in RA. 18 The series of case reports reported herein demonstrates the efficacy of certolizumab pegol in patients with RA using GS and PD ultrasonography to monitor disease progression. The study also clearly demonstrates the importance of rapid and sustained control of disease activity to prevent irreversible damage and loss of joint function.
Methods
Approval for the study was obtained from the review board of the PUC-Campinas Ambulatory Rheumatology Center, Sao Paulo, Brazil. Written consent was obtained from patients to perform the ultrasound exam and clinical assessment. Two patients were eligible for certolizumab pegol administration, which was administered following local Brazilian guidelines 20 : a loading dose of 400 mg at weeks 0, 2, and 4 by subcutaneous injection, followed by 400 mg every 4 weeks.
Ultrasound was performed using MyLab equipment (Esaote S.p.A., São Paulo, Brazil) with a high frequency (18 MHz) GS probe in the symptomatic joints. All imaging tests were performed using GS and PD techniques to detect morpho-structural changes and the presence of abnormal ISSN: 1740-4398 CASE REPORT -Efficacy of certolizumab pegol in rheumatoid arthritis drugsincontext.com blood flow, respectively. The PD settings were standardized with a color mode frequency ranging from 8.0 to 12.5 MHz and a pulse repetition frequency between 0.7 and 1.0 kHz. B-mode software was used to create color histograms that allow a better view of echotextural damage. 21 Spectral Doppler ultrasound was employed to confirm that the PD signal represented true hemodynamic phenomena (blood flow).
GS ultrasonography was used to assess the grade of synovitis on a scale of 0-3, 22 with synovial inflammatory activity scores assessed as follows: 0 (absent), that is, no joint capsule distension; 1 (mild), slight hypoechoic or anechoic image in the joint capsule; 2 (moderate), joint capsule elevation; and 3 (severe), important joint capsule distension. PD was characterized as 0 (absent), with no PD signal, that is, no intraarticular flow; 1 (mild), with 1 PD signal; 2 (moderate), with 2 or 3 PD signals, that is, an intra-articular flow of <50%; and 3 (severe), that is, an intra-articular flow of >50%. 22
Results

Case 1
This case describes a 73-year-old retired woman, who had her first rheumatology appointment in September 2012 (baseline assessment). She had a history of hypertension and dyslipidemia, with polyarthritis manifesting around 10 years previously, involving hands, knees, and ankles. Concomitant medications were hydroxychloroquine 400 mg/day, captopril 25 mg/day, and simvastatin 20 mg/day. In addition, she was treated with prednisone 5 mg/day, 45 days before baseline assessment.
The patient had arthritis involving multiple joints: thickening and edema of the second and third bilateral metacarpophalangeal joints, arthralgia in all proximal interphalangeal joints, functional blockage of hand movement with arthritis, and edema and bilateral functional blockage of ankle movement with arthritis.
A hand X-ray showed juxta-articular osteopenia, narrowing of the symmetric space of proximal interphalangeal joints presenting erosions, and narrowing of the radiocarpal space presenting as erosions.
Laboratory test results are summarized in Table 1 . The patient was rheumatoid factor (RF)-positive (188 IU/mL) and, consequently, a putative diagnosis of RA was proposed. The erythrocyte sedimentation rate (ESR) was >120 mm/hour, and the C-reactive protein (CRP) concentration was 114.2 mg/L.
The patient was prescribed methotrexate (MTX) 15 mg/ day, hydroxychloroquine 400 mg/day, folic acid 5 mg/week, calcium carbonate 500 mg twice daily, and vitamin D 400 IU twice daily.
In May 2013, the patient reported a self-assessed partial improvement of joint pain and swelling. Examination showed hand arthralgia with blockage without arthritis. Laboratory tests showed an ESR of 103 mm/hour and CRP of 1.15 mg/dL. Leflunomide 20 mg/day was added to DMARD therapy.
The patient showed intolerance to leflunomide with nausea and vomiting and, in August 2013, leflunomide treatment was withdrawn. High liver enzymes (AST and ALT; Table 1 ) indicated hepatotoxicity. MTX treatment was suspended for 1 year. ESR (21 mm/hour) and CRP (0.13 mg/dL) were reduced to within the normal range.
In September 2014, the patient was unable to walk, and reported arthralgia in both hands. Examination showed left hand arthritis and fifth left metacarpophalangeal joint arthritis. ESR was 70 mm/hour, and CRP was 0.83 mg/ dL. The patient received hydroxychloroquine 400 mg/ day, prednisone 5 mg/day, captopril 25 mg twice daily, and simvastatin 20 mg/day. Due to leflunomide intolerance and MTX hepatotoxicity, the patient was elected for anti-TNF-α screening.
In September 2015, the patient had arthritis in both hands and left elbow, with the second, third, and fourth metacarpal bones having a swan neck deformity. At this stage, ESR was 90 mm/hour and CRP 2.37 mg/dL ( Table 1 ). The patient had yet to perform screening tests for anti-TNF-α therapy and was being treated with prednisone 10 mg/day, hydroxychloroquine 400 mg/day, and sulfasalazine 500 mg twice daily.
In February 2016, the patient had arthritis in the left elbow, fifth right metacarpophalangeal joint and third, fourth, and fifth left metacarpophalangeal joints. The 28-joint disease activity score (DAS28) was 6.01. The patient was receiving prednisone 10 mg/ day, hydroxychloroquine 400 mg/day, and sulfasalazine 500 mg twice daily. She was prescribed certolizumab pegol (as per schedule).
In September 2016, following 3 months' therapy with certolizumab pegol added on to prednisone 10 mg/day, hydroxychloroquine 400 mg/day, and sulfasalazine 1 g/day, the patient described a 100% improvement in joint pain and swelling. Laboratory tests were not available at this visit.
In December 2016, there were no joint complaints, with no swollen or tender joints. DAS28 was reduced to 2.65, and the ESR was 44 mm/hour. Articular ultrasound images showed control of articular inflammation. Figure  1 shows GS ultrasound images of the alleviation of metacarpophalangeal synovitis post certolizumab pegol, with improvement of effusion-synovitis from GS3 to GS0 in the left second metacarpophalangeal joint. In the right second metacarpophalangeal joint, effusion-synovitis showed improvement in both GS and histogram analyses (GS2-GS0). PD ultrasound showed an improvement from PD2 to PD0. Figure 2 shows spectral Doppler images of the right hand pre and post certolizumab pegol, with improvement in the right wrist resistance index (RI) from 0.53 to 0.78. The right wrist also showed improvement in synovitis in the GS (from 1 to 0), which had remained at grade 1 prior to certolizumab pegol treatment. Sulfasalazine treatment was withdrawn.
In March 2017, there were no joint complaints, with no swollen or tender joints. DAS 28 (2.16) and ESR (23 mm/hour) were reduced. In November 2016, no arthritis or arthralgia was diagnosed, and the patient was pain-free. Prednisone was withdrawn.
Discussion
Certolizumab pegol treatment for 12 weeks, in combination with other DMARDs, dramatically improved RA signs and symptoms in both cases. Due to intolerance to leflunomide and hepatotoxicity following MTX, certolizumab pegol was added on to prednisone, hydroxychloroquine, and sulfasalazine in Case 1. In Case 2, certolizumab pegol was used in combination with MTX, hydroxychloroquine, prednisone, and leflunomide.
Furthermore, improvement was assessed by ultrasound, and clinical and laboratory findings. In Case 1, GS ultrasound images showed improvement in synovitis in the left and right metacarpophalangeal joints, from GS2/3 to GS0, with PD ultrasound showing improvements in blood flow from PD2 to PD0. Spectral Doppler images showed improvement in the right wrist RI. These changes were accompanied by the absence of swollen or tender joints, and improvement of DAS28 and ESR values. In Case 2, GS ultrasound showed improvements, from GS2 to GS0, in the right wrist, and metacarpophalangeal and interphalangeal joints, with the absence of arthritis or arthralgia, and improvement in DAS28, ESR, and CRP.
These results are in line with those found in three pivotal phase 3 trials of RA patients with active disease, which showed that certolizumab pegol monotherapy or certolizumab pegol plus
Case 2
This case describes a 63-year-old homemaker who presented in August 2014 with symmetric polyarthritis of hands, knees, and elbows. She was RF-negative and had an anti-cyclic citrullinated peptide (anti-CCP) level of 340 UI/mL, with an ESR of 101 mm/hour and CRP of 27.7 mg/L. The preliminary diagnosis was RA and she was prescribed MTX 12.5 mg/week, hydroxychloroquine 400 mg/day folic acid 5 mg/week, and prednisone 5 mg twice daily.
In November 2014, the patient had arthritis and articular effusion in her right knee, arthritis in her right elbow and right hand, and arthralgia in all metacarpophalangeal and interphalangeal joints. ESR was 65 mm/hour and CRP 57 mg/L. MTX was increased to 17.5 mg/week.
In July 2015, the patient reported pain persistence in the proximal metacarpophalangeal and interphalangeal joints. Examination showed arthritis in the second and third bilateral metacarpophalangeal joints and elbows and arthritis and articular effusion in the right knee. DAS28 was 5.8 with an ESR of 112 mm/hour and CRP 17 mg/L. Leflunomide 20 mg/day was added to DMARD therapy.
In March 2016, no arthritis was present but the patient still presented with an articular effusion in her right knee. ESR was 30 mm/hour and CRP 2.3 mg/dL. There was no change of medication.
The patient was subjected to articular ultrasound in June 2016, with active disease diagnosed ( Figure 1, panel C) . The patient was treated with certolizumab pegol (as per schedule) in combination with MTX 17.5 mg/week. Leflunomide was withdrawn.
In November 2016, no articular pain was reported by the patient, and there were no signs of arthritis or symptoms of arthralgia. Figure 1 shows B-mode color map ultrasound images CASE REPORT -Efficacy of certolizumab pegol in rheumatoid arthritis drugsincontext.com following certolizumab pegol treatment, which was monitored with ultrasound: B-mode histogram analysis showed the rapid suppression of articular effusion, with treatment producing inhibition of the PD test and improved spectral Doppler results. Importantly, to the best of our knowledge, this is the first report to show that this technique has been employed and published to reinforce the response achieved by these patients, and furthermore, ultrasound findings were correlated with clinical and laboratory improvements.
MTX improved signs and symptoms. 23 Combination therapy with certolizumab pegol and MTX significantly inhibited the progression of radiographically assessed joint damage by Week 16. 23 A recent Cochrane review confirmed the beneficial effects of certolizumab pegol either as monotherapy or combined with MTX in adults with RA. 24 In conclusion, this current case report highlights the improvement in joint health experienced by both patients
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